INTRODUCTION
Ultrasonic laser techniques are widely used in non-destructive inspection. Owing to theirs numerous advantages [1] , these contactless methods allow characterization of anisotropic and viscoelastic media [2, 3] . Ultrasonic bulk waves, whatever the longitudinal or transverse mode, or their multiple reflections propagating back and forth through the plates, can been detected by interferometric laser techniques. But, how to obtain informations on the stiffness and viscosity tensors? The spectrum ratio between a mode and its reflection allows to get these data. Nevertheless it requires to identify the arrival time of the different modes and of their reflections and to take into account the effect of both dispersion and diffraction. The adopted solution is a parametric method which allows to set free from these problems.
A method getting round the restrictions yet presented should integrate the different effects. The authors voted for a method minimizing a differentiable function which represents the cross correlation of an experimental signal and a simulated one. The parameters in the iterative optimization process are the elastic and viscoelastic constants. It stops when the simulated and the experimental signals satisfy a criteria of maximum likelihood. This optimization is performed using a Newton-Raphson method, combined with a Simpson method in order to reduce the iteration number.
In a first part, the theory employed to simulate the signals is presented. In a second section, the optimization process is described. After a validation of the method by mean of simulated signals, we will finish by presenting the results obtained on an actual medium: the PVC.
THEORY
The medium is thought to be an homogeneous and infinite plate with thickness and density denoted 2h andp. The axis of the Cartesian reference (X I ,X 2 ,X 3 ) are defined by the three symmetric planes of the medium, with the Xl-axis normal to the plate. The source is supposed to be an ablative line along the X2 -axis leading the problem to be X2-invariant. The normal displacement response at a point of the opposite surface is sought.
Due to the geometry of the problem, the propagation equations are reduced to the plane (1, 3).
In order to describe the viscoelastic behavior of the material, the stiffness tensor is thought to be complex and its imaginary part is a linear function of the angular frequency [4] . c* = C + jCOT") In Eq. 1, C and TI denote the stiffness and viscosity tensors, respectively. The components of the displacement field !! verify the following propagation equations:
This set of equations is written in terms of X3 and t Fourier transforms U* of the displacement !!. By expressing the displacement field under the following form U* =!t e-jk"x., where k* denotes the complex component of the wave vector in direction 1, the system reduces to a linear and homogeneous system. It leads to a characteristic equation which solutions are the square of the wave vectors of the longitudinal and transverse modes.
(1) (2) To calculate the amplitude of each mode contribution, the boundary conditions are taken into account. Both thermoelastic and ablative conditions are considered. The ablative source is supposed to be a force Fa normal to the interface whose time and X3 spatial shapes are Delta functions, whereas the shape of the thermoelastic force FI is a temporal Heaviside function and the spatial derivative of the Delta function [5] . Boundary conditions are written as follows (3) for the ablative regime, and * au\/ . * * ( )
for the thermoelastic regime.
However, for each value of the angular frequency ro, inversion of the X3 Fourier transfonn is perfonned by a numerical integration over variable k3' according to the method described by Weaver [6] .The method uses generalized Fourier transfonn in which the frequency becomes complex, 0) -j5, with a small constant imaginary part 5. The general solution of the displacement field expresses itself in tenn of a linear combination of symmetric and anti-symmetric solutions with respect to the variable XI'
OPTIMIZATION PROCESS
The process introduced to solve the inverse problem uses the calculations presented before in order to simulate signals. The process is based on the minimization of a differential function that measures the shift between the experimental and simulated signals.
Since the energy of LASER pulses is not accurately controlled in our experimental device, the force applied at the interface is unknown. Consequently, before comparison of the calculated and experimental signals, denoted s and SQ, respectively, the maximum amplitude of the two wavefonns are nonnalized. For a given value of the unknown coefficients, the signals differ first in the arrival time of modes, which is directly connected with the stiffness coefficients, and second in the spreading of the wavefonns, subsequent to viscosity.
Analytic signals z and zo [7] are associated with the two wavefonns s and so. The scalar product [ +00 <z, zo> = _00 z(t)ZO(t) dt is considered, which measures with high sensitivity the time shift between the two signals. A solution z of our identification problem must minimize the fonn:
Since analytic signals are considered, the two modulus in Eq. 6 are square roots of the energy of the two signals s and so.
The maximum amplitude of the two waveforms being nonnalized, a second fonn must be considered, which emphasizes the difference between the energy associated with each signal. The minimization of a function (7) is chosen. In order to consider both the effects of stiffness coefficient and viscosities changes, the differential function H finally considered is the sum of F and G. where Hess(H) and gmd(H) denote the hessian matrix and gradient in respect of X,
At each iteration, a signal is simulated using the current elastic and viscoelastic constants. To increase the convergence, for each iteration where the differentiable function is superior to its previous value, a Simpson method is performed keeping the descent step. Since the laser generation is a broadband acoustic source, a frequency analysis of the attenuation can be performed with a single experiment. For that purpose, ultrasonic attenuation at one particular frequency fo is obtained with by mean of wavelets [8] .The convolution of both the simulated and experimental signals with a wavelet, which central frequency is fo' provides the informations needed on the viscosity of the medium. As the differentiable function depends on many parameters, a global optimization is necessary. A difference of sensitivity exists between the elastic and viscoelastic coefficients. The identification process is now applied to an actual viscoelastic isotropic material. The tested sample polymer is made of PVC. The plate thickness is 10 mm and the material density 1.44 g I cm 3 • The four independent constants have first been obtained with the help of an immersion device [9] . The values of the reference coefficients, measured at 1 MHz are presented in Table 1 .
The contactless experimental setup used to generate bulk waves in the material is presented in Fig. 3 . The laser source is a Nd:Yag laser which beam is focused on the sample surface using a cylindrical lens which provides a line-like source. A set of mirrors allows to vary the angle e between the source-receiver direction and the plate normal. The detection of the normal displacement at the opposite interface is performed by mean of a laser interferometer [to] .
The laser impact location is such that the angle e is 40°. Owing to the acoustic source directivity [11, 12] , both the longitudinal and transverse mode are observed in this direction. This signal is convoluted with a Vander Gauss type wavelet which central frequency is 1 MHz.
When ablation is produced at the sample interface, thermoelastic generation also occurs. For such a viscoelastic material, the recorded waveform is a balanced sum of signals generated in each regime. The identification process requires first that the proportion of each generation regime be estimated. Varying the proportion of thermoelasticity in the simulated signal produces a quadratic variation of the differential function with this percentage. The optimal proportion minimizing the function is 40% of themoelasticity .
Second, the identification process previously described is applied to identify both the stiffness and viscosity coefficients. Mter convergence of the method, the obtained values are reported in Table 2 . This difference can be seen in Fig. 1 which represents a superposition of simulated signals with 10% variation of the elastic constants, and with 10% variation of the viscoelastic constants. The elastic constants determine the arrival times of the different modes, so the arrival times of the maximum of energy. A change of all the elastic constants leads a temporal shift of the calculated signal and consequently influences largely the differential function. Even though the viscoelastic constants are representative of the dispersion of the medium, Fig. l(b) shows that, with the same relative variation, their influence is lesser. Another illustration of the differential sensitivities in given in Fig. 2 , where the differentiable function is plotted versus the dimensionless elastic and viscosity coefficients. For the same shift of 10%, the function changes are much higher for the stiffness coefficients than for their viscosity counterpart.
SIMULATION
In order to validate the method, starting with a simulated signal instead of an experimental one, this reference signal is calculated with known parameters Xo' The differential function is plotted versus the dimensionless parameters obtained by dividing each unknown parameter by its reference value.
Comparison of the vertical scale of the two plots shows the different sensitivities of the differential functions either to the elastic constants or to the viscoelastic constants. After choosing the initial values for each parameter, the numerical optimization process is then employed successfully to recover the reference values Xo' A comparison of the numerical values of Table 1 and Table 2 shows that the elastic constants have been recovered with a good precision. However, because of the low sensitivity of the process to viscosity coefficients, the quality of the recovering for these constants is less. 
CONCLUSION
LASER ultrasonic techniques are used to generate and detect ultrasonic wave through a PVC polymer material without any contact to the specimen. A parametric identification process is used to measure both the stiffness and viscosity tensors of the viscoelastic medium. The method shows promises for the characterization of the stiffness tensor of thin composite materials, when mode identification is difficult, or when echoes overlapping occurs. These two phenomena are limiting the use of identification methods that require the accurate measurement of modes arrival dates.
